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ABSTRACT (Continue on reverse it necessery and ,oentitv by block numnber)
A two-iiequation turbulence model has been developed for predicting a dispersed twol-phase flow with variable density fluid and constant density particles. The two equations describe the conservation of turbulence kinetic energy and its dissipation rate for the fluid. They have been derived rigorously from the momentum~ equations of the carrier fluid inN the two-phase flow. Closure of the time4-mean equations is achieved by modeling the turbulent correlations up to third order.
The new model eliminates the need to simulate in an ad hoc manner the effects of the dispersed phase on turbulent structure in situations where the comnpressibility of the fluid must be taken into account. .
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SECTION 2
EQUATIONS OF MOTION
We begin the formulation of the problem by stating the assumptions involved in deriving the equations. These are: 
The corresponding equations for the particle phase are
Th-e z-ontainuitv ecuatiocns are The mean momentum equations of the fluid are
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The mean momentum equations of the particle phase are
The mean continuity equation of the fluid is
The mean con',4nulty equation of the particle phase is 
-. 
,-where the proportionality constant c0 5 is approximately
.0 equal to 0.1.
The strain-rate volume-fraction correlations of the type OlUij only appear multiplied by the molecular viscosity of the fluid and therefore will be neglected due to its relatively small magnitude.
The last correlation to be modeled in the momentum equations is that of the form uiuj. Again, to be consistent with the present level of closure, this quantity will be calculated from (Eq. (18) (18) This completes the modeling of the momentum equations.°. The various correlations in these groups range from second to fourth order. We decide at the outset on neglecting all fourth-order correlations such as qlui(uiuj),j and uiuiujql,4.
Also, the contribution to the diffusion of turbulence energy due to the pressure interaction (uiP) i will be neglected as it is of relatively small magnitude (Ref. 17) . Now the remaining terms will be modeled.
The five transient terms will be collectively approximated by (Qlk),t. The convection terms require no approximation. The production group contains the correlations qjujuj and uju j which have been evaluated earlier by Eqs. (17) . , where P = -2(uIuk U i,k) where the provisional assumption on a has already been mentioned in Section 4. The correlations 0lU, (in the first term) and q ul (in the fifth term) have been discussed earlier (Eqs. (13) and (14)).
The sixth term is approximated by
where q 1 Ui j is neglected for being relatively smaller than
The extra dissipation group contains three terms which exist only due to the slip between the two phases.. According to Ref. . '.'... ,-. The six terms in the viscous diffusion and dissipation group will be neglected due to their relatively small magnitudes as compared to the terms in the turbulent diffusion group.
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The first term in the field forces effects group is modeled by Eq. (14) . Similarly the second term ir, the group can be modeled as
Ui-(vt/U)Fi,i -
Fli(vt/af),i (36)
where we make a provisional assumption that af is equal to
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. ..
CLOSURE OF THE TURBULENCE-ENERGY DISSIPATION-RATE EQUATION
The exact equation of the dissipation rate of turbulence energy e for the carrier fluid appears in Appendix A and consists of 52 terms. They are classified into groups similar to those of the k equation.
Again we neglect all fourth-order correlations as mentioned in the previous section.
All the terms in the first group, labeled Transient, are approximated collectively by (QlE),t
The convection group consists of eight terms of which only the first and the second are of higher magnitude than the other six at large Reynolds number. This is based on an order of magnitude analysis (Ref. 22 ) which shows that the first and second terms are greater than the others by at least a factor of (A/k) which is of order (R )1/ 2 Here . is the length scale of the energy containing eddies, k is a Taylor's microscale, and Rj is the Reynolds number based on 1.
The third term in the production group is decompcsed as
The third term on the right side of Eq. (37) and the second term in the production group differ only in their signs and thus cancel each other. The first term on the right side of (38) where Gk is the total production of k discussed in Section 5, and cel is a constant of value 1.43 (Ref.
13, under the provisional assumption that it has the same value as in the case of constant density). "Total" here means the production terms which are common to the single-phase and two-phase k equations in addition to the extra production and transfer terms.
The turbulent diffusion group contains six terms. At high Reynolds number only the last two terms will be retained; they are larger by at least a factor of R.0 than the other terms.
These two terms will be modeled collectively as The first term in the viscous diffusion and dissipation group represents the main dissipation of e; it reduces to the single-phase form when *1 equals unity. This term is larger than the other terms in the group by a factor of R 3 / 2 and thus it is the only one retained. Now the total dissipation of e includes this term in addition to the extra dissipation terms. 
SECTION 7 A SAMPLE APPLICATION
4'
As an example of the application of the modeled k and e equations, let us consider the motion of the dusty air during a nuclear explosion (Ref. 
where R is the specific gas constant and T 1 is the absolute temperature of the air. Thus, for isothermal problems (T 1 = constant) we have ten equations for ten unknowns Q,, Q 2 , P1, U x , Uy, V x , Vy, P, k and e (from which + = Qi/pi and +2 = Q2/P2 can be readily obtained).
With proper initial and boundary conditions, these equations can be solved numerically by a marching finite-difference procedure described in Ref.
5.
The results of such calculation will be presented in a forthcoming report.
If T 1 is variable and the energy exchange between the air and dust can be neglected we need to include a mean energy equation for the air in the numerical solution procedure.
If the energy exchange between the air and dust (at temperature T 2 ) is not negligible, we need to include the mean energy equations for both air and dust in the numerical solution. Extra Dissipation Dissipation + +,Jui~ui,j4Uj,i)
L(+1uA,A),iui+(UA),u Viscous Diffusion and Dissipation
Field Forces Effects
The exact equation of the dissipation rate of k 
APPENDIX B THE MODELED FORM OF < AND E EQUATIONS
The modeled conservation equations of the kinetic energy and the dissipation rate of that energy for the carrier fluid in the sample application are listed here. (1)- (4) -.
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